Objective: The present study directly compared prices of more and less nutritious foods within given categories in US supermarkets. Design: Foods selected from six supermarkets in Jackson County were categorized using the five criteria of the Nutrition Detectives TM (ND) programme and an item-to-item cost comparison was made using posted prices. The nutritional quality of foods was distinguished using the clues of the ND nutrition education programme for elementary-school children and validated using the Overall Nutritional Quality Index.
Diet-related conditions such as obesity, heart disease and diabetes are significant threats to public health and to the economy in the USA (1) (2) (3) (4) (5) (6) (7) (8) (9) . One of the most significant contributors to obesity is food intake (1) . With respect to weight management, energy is most salient. However, there is evidence that other dietary variables, such as glycaemic index or glycaemic load, may also impact weight (10, 11) . Increased intake of dietary fibre has been associated with a reduction in visceral adipose tissue specifically (12) . Furthermore, diet has been found to be a major determinant of health outcomes (13) (14) (15) and the quality of the diet a powerful predictor of chronic disease risk (16) (17) (18) (19) (20) (21) (22) (23) . Adoption of dietary patterns more consistent with recommendations could contribute to significant reductions in the burden of chronic disease (24) . One commonly cited barrier to healthy eating is the high cost of nutritious foods compared with foods with less nutritional value. The notion that economics play an important role in eating behaviour is supported by studies that have associated obesity and less-healthy dietary patterns with low income or socio-economic status (25, 26) . In addition, low-energy-dense foods, which tend to be more nutritious and less likely to lead to weight gain, typically cost more than high-energy-dense foods, which usually contain fewer nutrients (27) (28) (29) . Nutrition Detectives TM (ND) is a school-based nutrition education programme that teaches elementary-school children how to make better food choices by reading food labels (30, 31) . The programme uses five clues to help children make those choices. Foods that meet the nutritional criteria of the programme are called 'Clued-in', whereas those that do not are called 'Clue-less'. A 2-year pilot study of the programme in elementary schools in the Independence, Missouri, school district found that nutritional knowledge improved significantly both for students in the intervention group and for their parents. Although the programme may help families to identify nutritious foods, it will not be sufficient for behavioural change if these foods are more expensive than less nutritious foods.
The purpose of the present study was to compare the cost of more nutritious and less nutritious foods, as identified by the criteria taught to participants in the ND programme, in several different food categories. This comparison was made to determine whether it is possible *Corresponding author: Email katzdl@pol.net, michelle.evans@yalegriffinprc.org r The Authors 2011 for individuals to apply the knowledge gained in this nutrition education curriculum to purchase foods of higher nutritional value within food categories without increasing their food costs.
Experimental methods
Nutrition Detectives TM programme This cost-comparison study was conducted as part of the ND school-based nutrition education programme targeted towards elementary-school children (32) . The goals of the programme were: (i) to teach children to make healthy food choices and detect marketing deceptions; (ii) to give students the opportunity to practise what they have learned; and (iii) to empower children to share their 'detective skills' with other family members. ND was originally developed by D.K. and C.K. The programme provides five clues in order to make healthy food choices on the basis of the 'Nutrition Facts' labels and ingredient lists on food packages. The five clues are: (i) do not be fooled by the front of the box; instead, rely on the Nutrition Facts panel and ingredient list for the truth; (ii) the first ingredient is always the biggest and thus an important consideration; (iii) generally avoid foods that contain partially hydrogenated oil, high-fructose corn syrup or artificial ingredients; (iv) generally avoid foods with a long ingredient list; and (v) fibre is your friend; hence, choose grain products that say 'whole' grain and provide $2 g of fibre per 418 kJ (100 kcal). Foods that satisfy these criteria are considered to be 'Clued-in' (more nutritious) choices. Foods that do not meet these criteria are 'Clue-less' (less nutritious). The programme is delivered in one or more sessions for a total of 90 min of classroom instruction time. Hands-on activities for practising what is learned are also included in the curriculum (30, 31) .
Food selection
A research assistant was trained in the ND programme and instructed to use the five clues of the programme to select one or more representative items meeting, or failing to meet, the requirements of the 'five clues' in each of eight food categories commonly used when teaching the programme. The research assistant brought a checklist of criteria to the supermarket to select more and less nutritious items consistent with the programme. An attempt was made to use popular items that are widely sold and to identify products within a given category that were very comparable to one another. Since the sampling was a test of principle, it was selective rather than systematic. The price of each item was standardized per 100 g by multiplying the price of the food item by 100 and then dividing by the total weight of the item. These data were obtained from the Nutrition Facts panel of each item used in the study.
More nutritious and less nutritious foods in eight food categories were selected for price comparison. The categories included bread, cereal bars, cereal, chips, cookies, crackers, juices and peanut butter. These categories were selected because they were representative of the 'middle aisles' of most supermarkets in which packaged foods predominate and are used in the ND curriculum; after an instructive session, children were asked to practise their label-reading skills by identifying more and less nutritious items in these food categories. Items were selected from six chain grocery stores that were accessible to the research assistant.
Foods were categorized as more nutritious or less nutritious on the basis of the ND clues relevant to their food category. For an item to be considered more nutritious, it was subjectively determined to not have excessive marketing-related claims or images on the front of the package; have an unhealthy ingredient such as sugar or white flour listed first; contain partially hydrogenated oil or high-fructose corn syrup; or have a long ingredient list relative to other items in that category. For grain-based products only, more nutritious foods also had to contain at least 2 g of fibre per serving.
To validate the ND selection criteria, more and less nutritious foods were also scored using the Overall Nutritional Quality Index (ONQI). The ONQI is a nutritional scoring system for foods, applied in the NuVal TM nutritional scoring system (www.nuval.com) that uses a scale of 1-100 to represent the overall nutritional quality. A multidisciplinary panel was convened to develop the ONQI. Twelve experts in such fields as nutritional epidemiology, food labelling, insulin metabolism, endocrinology and appetite control comprised the panel (32) . Dietary guidelines, existing nutritional scoring systems and other pertinent scientific literature were reviewed. An algorithm based on the overall nutritional quality was developed and tested. The ONQI algorithm incorporates over thirty entries representing both micro-and macronutrient properties of foods, as well as weighting coefficients representing epidemiological associations between nutrients and health outcomes. In content validity testing, ONQI rankings and expert panel rankings correlated highly (R 5 0?92; P , 0?001) (33, 34) . The algorithm has also been validated by significant correlations with the Healthy Eating Index 2005 (35) . Findings from a large prospective cohort study indicate that intakes of foods with high ONQI scores are associated with reduced risks of CVD, diabetes and total mortality for men and women (36) . The ONQI algorithm is used in the NuVal TM nutritional scoring system, currently active in 526 US supermarkets in eighteen states (www.nuval.com).
Statistical analysis
Descriptive statistics were used to describe the sample of products used in the study. To validate the ND criteria using the ONQI, the independent t test was used to assess mean differences in ONQI scores between more and less nutritious foods. The independent t test was also used to assess overall differences in price between more and less nutritious foods, as well as the difference between more and less nutritious products with respect to each food category in all dependent outcomes (ONQI, price and standardized price). Models incorporating independent variables (i.e. food category) testing for differences between more and less nutritious foods in terms of ONQI score, price and adjusted price were conducted using analysis of covariance. To assess the predictive ability of the ONQI on item price and standardized price, linear regression was used. Cohen's d was calculated to assess the effect size for all outcome measures. Data were analysed using the Statistical Package for the Social Sciences statistical software package for Windows version 15?0 (SPSS Inc., Chicago, IL, USA). In all analyses, a two-tailed a of ,0?05 was considered statistically significant. Results are expressed as mean and SD in text and tables.
Results
A total of sixty-three more nutritious and sixty-eight less nutritious foods were assessed, with a range of thirteen to eighteen foods compared within each food category. Of the 131 items included, 74?8 % were brand name products and 25?2 % were store brand items. Among more nutritious items, the proportions were 58?7 % and 41?3 %, respectively. Among less nutritious items, 89?7 % were brand names and 10?3 % were store brands. Examples of more nutritious items included Pepperidge Farm 100 % whole-wheat bread, Quaker Oat Co. Oatmeal Squares cereal, Kellogg's All-bran Multigrain crackers, Capri Sun All Natural 100 % juice and Smucker's natural peanut butter. Some less nutritious items included Wonder Classic bread, General Mills Lucky Charms cereal, Keebler Townhouse crackers, Capri Sun Roarin' Waters juice drink and Skippy peanut butter.
Within each category, selected items were similar in terms of characteristics unrelated to nutritional quality. In the chips category, potato chips and tortilla chips were represented in both the more and less nutritious groups. A variety of cookies were represented: butter cookies, chocolate chip, crème-filled and peanut butter cookies were included in both groups. More and less nutritious crackers were represented by wheat or grain crackers and cheese crackers. Juices and drinks were necessarily different because the more nutritious juices were all 100 % juice, whereas the less nutritious items contained little or no fruit juice. However, all were non-carbonated and fruit flavoured. The peanut butter category included highly similar products, with the exception of two items in the less nutritious group that also contained grape jelly. In the bread category, only white, wheat or multigrain breads were chosen. Each group of cereal bars included soft and crunchy granola bars and bars made with other types of cereal. The more nutritious group also included a trail mix bar and a chocolate brownie flavoured children's snack bar. A complete list of all selected items is on file (Yale Prevention Research Center).
Overall Nutritional Quality Index score of the item Between-group ONQI scores did not differ significantly for bread (P 5 0?68), cookies (P 5 0?12) or juices (P 5 0?06), although in each case the mean score was higher for the 'more nutritious' group; for the remaining categories (cereal bars, cereal, chips, crackers and peanut butter) more nutritious items had significantly higher ONQI scores (P , 0?05; Table 1 ). Overall, the ONQI scores for more nutritious items used in the study were significantly higher than those of the less nutritious items (P , 0?01). When controlling for food category, ONQI scores for more nutritious foods differed significantly from the ONQI scores of less nutritious items (F (1,130) 5 66?61; P 5 0?00). As a factor in the model, food category was a statistically significant contributor (F (7,124) 5 15?51; P 5 0?00). No significant interaction was found between clue type and food category in the model (F (7,124) 5 1?70; P 5 0?12).
Item price
The overall average item price between more nutritious foods and less nutritious foods did not differ significantly (P 5 0?76). With respect to food category, more nutritious breads were significantly more expensive than less nutritious breads (P 5 0?03), whereas more nutritious cereals (P , 0?01), cereal bars (P , 0?01) and cookies (P , 0?01) were found to cost significantly less compared with their less nutritious counterparts. More nutritious chips were found to be cheaper than less nutritious chips but did not reach statistical significance (P 5 0?06). More nutritious peanut butter was more expensive on average, although this difference was also not statistically significant (P 5 0?07). There were no significant differences in price between more and less nutritious crackers (P 5 0?70) or juices (P 5 0?14; Table 1 ).
The average item price for more nutritious foods did not differ significantly from that of less nutritious items when controlling for food category (F (1,130) 5 0?64; P 5 0?43). Interaction between clue type and food category was statistically significant (F (7,124) 5 7?71; P 5 0?00).
ONQI scores of food items used in the present study did not significantly predict the item price (t (130) 5 0?67; P 5 0?50).
Standardized price
The difference in the average overall standardized price between more nutritious foods and less nutritious foods was not statistically significant (P 5 0?92). More nutritious breads, crackers and peanut butter were significantly more expensive than their less nutritious counterparts (P 5 0?04, 0?03 and 0?05, respectively). On the other hand, more nutritious cereals cost significantly less than less nutritious cereals (P 5 0?02). The standardized price difference between more and less nutritious chips and cereal bars favoured the more nutritious items but did not reach significance (P 5 0?48 and 0?32, respectively). There were no significant differences in the price of cookies (P 5 0?48) or juices (P 5 0?22), despite higher average adjusted prices for the more nutritious items in each category (Table 1) .
More nutritious foods did not significantly differ from less nutritious items in standardized price when controlling for food category (F (1, 130) 5 0?23; P 5 0?63). However, food category significantly contributed to the model (F (7, 124) 5 15?20; P 5 0?00). There was no significant interaction between clue type and food category observed with regard to adjusted price (F (7,124) 5 1?81; P 5 0?09).
Finally, the ONQI scores of food items were not significant predictors of standardized price (t (130) 5 0?49; P 5 0?62).
Discussion
The results of the present study indicate that the prices of more nutritious foods do not necessarily differ significantly from the prices of less nutritious foods in the same category. The results of analyses by food category indicate that, for some food categories, more nutritious foods do cost more but in others they cost less. After standardizing price comparisons according to weight (per 100 g), prices of more nutritious breads, crackers and peanut butter were significantly higher than those of less nutritious items but the prices of more nutritious cereals were significantly lower. For cookies, cereal bars and juices, no significant price differences were found. Our findings suggest that, contrary to popular belief, choosing more nutritious foods within a food category may be possible in many instances without an increased financial burden for shoppers.
Previous research evaluating the cost of healthy foods has focused primarily on energy density and overall diet quality and has generally concluded that low-energydense diets high in nutritional quality tend to cost more than less nutritious, high-energy-dense diets (27) (28) (29) . Drewnowski and Specter (37) identified an inverse relationship between the energy density and energy cost of foods and speculated that the association between poverty and diets high in energy-dense foods, such as refined grains, sugars and fat, may be mediated by the comparatively low cost of these foods. In another study, Drewnowski et al. (27) found the same association when considering the diets of French adults. Low-energy-dense diets were found to be higher in vitamins typically found in fruits and vegetables and lower in fat. These diets were also associated with higher diet costs. A study on diets of low-income women in California yielded similar results (29) . Despite these findings, there is some evidence that cost alone may not be an insurmountable obstacle to healthy eating. Raynor et al. (38) found that adoption of a lower-energy, nutrient-dense diet did not increase dietary costs over time for families with obese children participating in a family-based treatment programme. Americans' attitudes about food costs and nutrition support the notion that prices influence behaviour. A large survey of US adults found that respondents rated the importance of food prices higher than the importance of nutrition when making food choices (39) . This finding suggests that individuals may sacrifice nutrition for monetary savings, choosing less-expensive foods regardless of their nutritional value. Alternatively, people may be more likely to purchase healthy foods when they cost less. In a study by Horgen et al. (40) , price decreases alone increased purchases of healthy food items in a restaurant, whereas health messages combined with price decreases did not. Irrespective of whether more healthy foods are more expensive, it is a common perception that they are (41, 42) . This perception, real or hypothetical, may prevent many individuals from choosing healthy foods.
Whereas it has been clearly shown that higher-quality diets tend to cost more overall, it has not been shown that small improvements in food choices within food categories are not possible without increasing food prices. To our knowledge, no other study has investigated the price differences of foods within food categories. All foods lie on a nutritional continuum, ranging from highly nutritious to potentially harmful. It may be true that the nutritional value of cookies will pale in comparison with that of fresh produce; however, even cookies vary considerably in their composition and likelihood to improve or threaten health. Within the category of 'cookies', there exists a continuum in which cookies made with refined flour, trans fat and sugar lie on one end and those made with whole grains, unsaturated fats and fruit concentrates lie on the other. The results of the present study indicate that it is indeed possible to make better choices within food categories without increasing food prices. For example, simple substitutions such as replacing a 'fruit drink' largely comprised of added sugars with 100 % juice or purchasing a wholegrain cereal instead of one made with refined grains may not affect the household grocery budget. Although these changes are small, they could conceivably add up to have a significant impact on the overall nutritional profile of the diet. However, most shoppers likely lack the knowledge required to identify the more nutritious offerings within diverse food categories. Programmes such as ND and/or programmes that offer in-store guidance (33, 34) that provide shoppers the capacity to readily and conveniently distinguish more from less nutritious food choices are much needed for the findings in the present study to be put to practical use.
The present study has a number of limitations. The sample of food items was not selected randomly, and therefore cannot be said to represent the population of all foods that shoppers have available to them. Thus, the present study tested the principle that more nutritious foods invariably cost more, and concluded that they do not; however, it does not show that they do not cost more on average. Furthermore, items were selected only from grocery stores accessible to researchers and in the geographical area of Jackson County, MO, USA. The prices of foods in these stores may not reflect the prices in stores in other areas of the country. We also used a relatively small sample, which limits the accuracy of the mean prices determined for each category. Because not all foods in each food category were classified as more nutritious or less nutritious, and the selection method was somewhat subjective, it is possible that other differences between the more and less nutritious foods selected could have influenced price.
The food categories used in the present study were only packaged foods and snack foods. We did not include other categories such as meat, dairy or produce, which may have greater cost differences between more and less nutritious choices. Although highly nutritious foods such as fresh produce are in general 'pricey', such foods call into question the very measure of food value. Historically, the value of food has been assessed in terms of energy per dollar. In an age of epidemic obesity, however, maximizing energy per dollar merely minimizes the cost of acquiring excess weight and increased risk of chronic disease. In contrast, maximizing the nutritional quality per dollar would reflect reductions in the cost of pursuing vitality, a far more desirable outcome. Objective measures of overall nutritional quality (33, 34) might be used for direct comparison of nutrition per dollar. The adoption of such a metric, arguably overdue, might well result in a very different determination about the economics of fruit and vegetable consumption.
It is also important to acknowledge that factors other than price, such as those related to culture (43) , personal preferences (44) , values (45, 46) and social support (45, 47) , may affect food purchasing decisions. Furthermore, price has varying effects on purchasing behaviour for different foods and beverages, depending on their specific price elasticities (48) . Finally, even with all other factors supporting the healthier food choice, access to healthy foods may be limited (44) . The 2010 US Department of Agriculture report on 'food deserts' describes the extent to which access to nutritious foods is limited in the USA (49) , a problem that is being actively targeted by the Obama administration, with a goal of eliminating food deserts within 7 years (50) . Our findings do not imply that individuals at any income level can afford to eat a diet that is nutritious overall, nor do they imply that highly nutritious foods are not more costly on average than less nutritious foods. A minimum income level is likely required to ensure a diet that promotes good health (51) , with some categories of healthy foods, such as fruits and vegetables, still being out of reach for many. Nevertheless, the present study illustrates an important point: there are clearly many instances in which better food choices can be made without increasing cost. This is especially important for populations that have limited access to fresh fruit and vegetables because of financial or physical hindrances. However, this requires that shoppers be able to distinguish more from less nutritious foods within given categories. Interventions to foster this ability as the norm among shoppers are clearly warranted, as is further study of nutrition economics and ways to improve diet while controlling food costs. the present study, and no party with a financial interest of any kind in the study or its outcome was involved in study implementation, data collection, data analysis or interpretation. D.L.K. contributed to the design and oversight and critical review of the study; K.D. drafted the manuscript; V.N. contributed to the data analysis, critical review and editing of the manuscript; J.R. analysed the data; J.W. and E.S. helped in implementation of the study; C.K. designed the study and did the final editing. The authors acknowledge the technical assistance of Mrs Michelle Evans.
